Abstract: Adhesive capsulitis of the shoulder is a condition of capsular contracture that reduces both active and passive glenohumeral motion. The cause of adhesive capsulitis is not known but it is strongly associated with endocrine abnormalities such as diabetes. Diverse terminology and the absence of definitive criteria for diagnosis make evaluating treatment modalities difficult. Many treatment methods have been reported, most with some success, but few have been proved to alter the natural course of this disease. Most afflicted patients will achieve acceptable shoulder function without surgery. Those who remain debilitated after 8-12 months are reasonable candidates for invasive treatments. Here, the various treatment methods and the data to support their use are reviewed.
Introduction epidemiology
Adhesive capsulitis is a disabling condition characterized by the spontaneous onset of motion loss about the shoulder. It affects up to 5% of the population, 1,2 occurs primarily in people between the ages of 40 and 60 years, and has been seen to disproportionately affect females. [3] [4] [5] Patients affected by endocrine disorders, such as diabetes, [6] [7] [8] thyroid disease, [9] [10] [11] and autoimmune disease, 1,12,13 also seem to be affected more often than those of the general population. Hypercholesterolemia and inflammatory lipoproteinemias have also been shown to be significantly associated with the development of primary adhesive capsulitis. 14 
Natural history
Most clinical accounts indicate that this condition is self-limiting and will typically resolve in 2-3 years. A retrospective review by Vastamäki et al evaluated 51 patients diagnosed with adhesive capsulitis who received no treatment, and found that after a mean duration of 15 months of symptoms (range: 4-36 months), 94% of patients regained their normal range of motion. 15 However, movement restrictions have been shown to persist far beyond this time point; a 2008 study on the long-term outcomes of adhesive capsulitis reported that, at a mean follow-up of 4.4 years, 41% of 269 cases were still symptomatic. 15 In this same study, the authors observed a 92% and 89% return-to-normal rate in patients treated nonoperatively or with manipulation, respectively, indicating that more severe cases requiring treatment may not fare as well in the long term.
Pathology
The etiology of adhesive capsulitis is not known, but is understood to involve a sequence of synovial inflammation, hyperplasia, and subsequent capsular fibrosis. 18, 19 Four predictable and overlapping stages of this disease occur. 17, [20] [21] [22] This allows for disease staging upon diagnosis, which is essential to successful patient counseling and symptom management.
Synovitis and capsular contracture as defining features have been confirmed using both arthrographic and arthroscopic techniques. 23, 24 The pathognomonic findings on arthroscopy include obliteration of the subscapularis recess with scar tissue covered by a highly vascular synovium, as well as a tightened axillary recess with reduced joint volume. 1 Thickening and contracture of the coracohumeral ligament is another consistently reported feature of adhesive capsulitis. 25, 26 Neviaser and Neviaser defined the arthroscopic appearance of the shoulder joint throughout this disease process, and established the four stages that we now use to clinically stage the disease. 21 In 1994, Hannafin et al demonstrated the correlating histopathological characteristics in synovial specimens taken from patients in the various Neviaser stages. 22 Neither arthroscopic exam nor histopathology is routinely used to diagnose or stage the disease, but their description provides us with a greater understanding of the pathophysiology of this condition. A detailed description of the arthroscopic and histological features of this disease are described elsewhere. 20, 21 Biochemistry Although the arthroscopic and histological evidence points to an inflammatory and subsequent fibrotic cascade, the particular biochemical processes unfolding in the shoulder joint throughout these four stages are not fully understood. The predominant theory is that stimulation of an inflammatory synovitis eventually results in a fibrotic cascade, culminating in the thickened and contracted capsule that characterizes the later stages of the disease. 27 Several studies aim to identify the cytokines, cell types, and growth factors involved in this cycle. In 1997, Rodeo et al performed immunohistochemical localization on capsule and synovial biopsies taken from patients with adhesive capsulitis, patients with nonspecific synovitis, and patients with normal capsule. 19 This evaluation revealed new type III collagen deposition in the adhesive capsulitis patients, as well as fibroblastic proliferation and the presence of platelet derived growth factor, interleukin-1 beta, and tumor necrosis factor-alpha in both those with adhesive capsulitis and in nonspecific synovitis. The patients who had normal capsules did not stain for these substances. These findings were supported by Bunker, who examined the excised capsular tissue of 12 patients who underwent open capsular release for treatment of manipulation-refractory primary adhesive capsulitis. Bunker, too, found that the capsular tissue was made of thick, mature type III collagen. 1 These studies all support the notion that inflammation, followed by a subsequent fibrotic cascade, is responsible for the clinical entity of adhesive capsulitis.
Diagnosis
When conceptualizing adhesive capsulitis, it is helpful to delineate into two types based on the presence or absence of concomitant shoulder disease. Primary or idiopathic adhesive capsulitis refers to the disease process in isolation, when the progressive pain and stiffness occur without an identifiable cause. Secondary adhesive capsulitis refers to capsular contracture that is indistinguishable from idiopathic adhesive capsulitis pathologically, but which occurs secondary to a soft-tissue injury, fracture, arthritis, or hemiplegia; postsurgically; or due to another known lesion. While many circumstances both intrinsic and extrinsic to the shoulder joint can lead to pain and stiffness, adhesive capsulitis is a distinct pathological process and should not be conflated with loss of shoulder range of motion and pain associated with postoperative stiffness.
Distinguishing between primary and secondary adhesive capsulitis is useful only in that it helps us to organize the various pathways by which patients can be affected by this condition; however, it provides little true assistance in disease diagnosis or management. 28 The diagnosis of idiopathic adhesive capsulitis in clinical practice is one based on history and physical exam. 
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Management of adhesive capsulitis
Early diagnosis is preferable as there are interventions that may be undertaken to reduce morbidity; however, this can be rather challenging as the pain of early-stage adhesive capsulitis is difficult to distinguish from that of impingement or rotator cuff disease. 29 In a recent study on treatment of primary idiopathic frozen shoulder, only 17% of 850 referrals to the investigators met the criteria for true adhesive capsulitis, highlighting the challenge in diagnosing this condition. 27 There is currently no gold standard for diagnosis, nor have validated diagnostic criteria been published in the literature. 30, 31 In 2009, Walmsley et al used a validated technique to query a panel of 70 experts on the clinical signs and symptoms indicative of the first stage of primary adhesive capsulitis. 29 The panel came to consensus on eight clinical identifiers to aid in diagnosing adhesive capsulitis in its early stages. They include: a strong component of night pain; a marked increase in pain with rapid or unguarded movements; discomfort as a result of lying on the affected shoulder; pain that is easily aggravated by movement; onset in people >35 years old; global loss of passive glenohumeral joint movement, and global loss of active and passive range of movement, as well as pain at the end range in all directions on exam. Despite expert consensus on these criteria, a subsequent study by the same group was unable to validate the utility of these identifiers in diagnosing stage 1 disease. 30 
History
When assessing for adhesive capsulitis, the history should elicit the onset and duration of symptoms, presence of night or rest pain, "jerk" pain with sudden movements, and functional limitation, as well as associated medical conditions. As the disease progresses from pain to painful stiffness, patients typically report difficulty with dressing, combing their hair, and internally rotating to fasten a bra or access their back pocket. Later, when stiffness is predominant, range of motion will be significantly limited in all directions, and pain may only occur when the shoulder is moved beyond the limits of the contracted capsule. 32 
Physical exam
The physical exam should include a full evaluation of the cervical spine, trunk, and shoulders. Patients in stage 1 or 2 may have pain on palpation of the anterior and posterior capsule, with pain that radiates toward the insertion of the deltoid. 27, 33 Performing a full evaluation of active and passive range of motion is necessary to help determine the presenting stage of the disease, and should be documented so as to assess efficacy of treatment.
Special tests
There have been no validated specialized tests to identify adhesive capsulitis, though two recent studies have described physical exam maneuvers that may help the examiner to detect the disease early on. 33, 34 It has been repeatedly observed that external rotation -particularly in abduction -is the most limited movement in adhesive capsulitis. 31 In 2010, Wolf and Cox sought to exploit this observation, and described the "external rotation test". They found that of 91 patients presenting with a positive external rotation test, 75% were later clinically diagnosed with adhesive capsulitis. The only other diagnosis that produced a positive external rotation test was glenohumeral arthritis, and these patients all had commensurate crepitus on exam and radiological evidence of arthritis on plain X-ray. 34 In 2014, Noboa et al described a new diagnostic test, which they called the Distension Test in Passive External Rotation (DTPER). 33 In their series of patients, the DTPER showed high sensitivity (100% with 95% confidence interval) and specificity (90% with 95% confidence interval) for adhesive capsulitis. These tests have yet to be validated by any other studies. 35 imaging Routine radiographs should be obtained to rule out other potential causes of a stiff and painful shoulder. Occasionally, there may be osteopenia of the humeral head and neck, 35 but plain X-rays in adhesive capsulitis should be otherwise normal. The use of ultrasound, magnetic resonance imaging, or magnetic resonance arthrography is rarely necessary, but the finding using these modalities has been described. Ultrasound offers a low-cost, dynamic assessment imaging modality that may reveal increased vascular flow and thickening of the rotator interval in stage 1 disease. An edematous and thick axillary pouch and a thickened coracohumeral ligament are classic findings on magnetic resonance imaging. Utilizing T2-weighted images and contrast enhancement highlights specific soft-tissue areas in the shoulder that are sensitive and specific for identification of adhesive capsulitis.
36-39
Treatment
The majority of treatment options for adhesive capsulitis are nonoperative and include pharmacological management and physical therapy. Many other treatment methods have been tried with limited success. A multimodal, nonoperative treatment program is effective for most patients. 39 For those who do not improve with nonoperative measures, opera- 
Nonoperative treatment Nonsteroidal anti-inflammatory drugs
Although use of nonsteroidal anti-inflammatory drugs (NSAIDs) for analgesia in almost any stage of the disease is a widely accepted intervention, it should be noted that there are no studies in the literature validating the use of NSAIDs over placebo or other oral agents. For earlystage adhesive capsulitis, when pain is the predominant symptom, oral nonsteroidal anti-inflammatory medications may be initiated. A double-blinded, parallel study by Rhind et al compared the use of naproxen and indomethacin two times per day for 4 weeks in 41 patients with adhesive capsulitis. Both analgesics reduced pain to a significant degree; however, neither drug improved objective range-of-motion def icit, and there was an appreciable incidence of side effects (nausea, headache) experienced by the participants. As a result, three patients in the naproxen group and five in the indomethacin group stopped treatment. 40 In another study that evaluated the same drugs at higher doses, similar results were seen and four of the 59 patients withdrew from this study secondary to side effects. 41 
Oral steroids
Oral steroids may be given to relieve pain and stiffness. There are several older studies that provide high-level evidence on oral steroids as compared with placebo, no treatment, or other treatments. In a 1954 double-blind, randomized controlled trial of 30 patients, Blockey et al compared placebo with a cortisone acetate suspension taper over a period of 4 weeks. All patients were instructed to perform rigorous home exercise as well. Although pain and range of motion were believed to have improved earlier in the steroid group, no significant differences in pain or range of motion were seen at 18 weeks' follow-up. 42 A second double-blind, randomized controlled trial of 49 patients compared 30 mg per day doses of prednisolone with placebo pills over a period of 3 weeks. All patients in this study were given pendulum and scapular retraction exercises to perform at home. At 6 and 12 weeks' follow-up, there was no significant difference in pain, range of motion, or shoulder-specific disability. Similar to the Blockey et al study, earlier improvements in pain and function were seen in the prednisolone group; however, after cessation of treatment, the patients in the steroid group either failed to improve further or worsened, whereas the placebo group showed consistent improvement throughout the 12-week period. 43 In another study comparing oral steroids with no treatment, patients in the experimental group were given 10 mg prednisolone for 4 weeks, followed by 5 mg for 2 weeks. All patients were instructed to perform daily pendulum exercises at home. At 5-month follow-up, pain was significantly decreased in the treatment group relative to the control group; however, this benefit was not sustained at 8 months. 44 Several low-level studies performed more recently have supported these early findings, and collectively suggest that oral steroids do have the potential to provide short-term benefits in pain, range of shoulder motion, and shoulder function, but that these benefits are not maintained over the course of the disease process. 45, 46 The use of oral steroids to quickly relieve symptoms must be weighed against the risks of systemic steroid use. 43 
intra-articular injections
Intra-articular injections of corticosteroid and local anesthetics may have some short-term utility in treating pain and improving motion in adhesive capsulitis. There is extensive literature available on intra-articular corticosteroids, and recently hyaluronic acid and botulinum toxin injections have also emerged as potential alternatives.
Corticosteroids
Intra-articular injections of corticosteroid have been extensively studied and are known to provide pain relief and motion improvement early in the pathological process of adhesive capsulitis. When given in stage 1, when pain is most severe, the anti-inflammatory properties of corticosteroid effectively reduce inflammation, thereby reducing pain, spasm, and stiffness. If given during stage 2, the pain relief is often still significant, though capsular contracture at this stage prevents improved movement. 47 There is a large body of evidence that supports the use of corticosteroid in the relief of pain in early-stage adhesive capsulitis; however, several recent systematic reviews of high-level evidence emphasize that, while corticosteroids are effective in providing short-term relief, they typically have no lasting effect relative to other treatment modalities. 48, 49 Bulgen et al assessed the differences in outcomes at 6 months between groups that received either an intraarticular methylprednisolone injection, mobilization with a physical therapist, ice after proprioceptive exercises, or no treatment. All patients were taught pendulum exercises to perform at home. Duration of symptoms at presentation 
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Management of adhesive capsulitis ranged from 1 to 12 months (mean, 4.8 months); however, they did not report stage at the time of intervention. At 4-week follow-up, there was no difference in pain symptoms between the groups; however, the corticosteroid group had the most significant range-of-motion improvement. At final follow-up, the difference between groups was no longer significant and all patients reported improved pain at 6 months. 50 In 1991, Rizk et al compared injection of methylprednisolone plus lidocaine with that of a lidocaine placebo injection, delivered either into the glenohumeral joint or the subacromial bursa. All patients underwent physical therapy. In order to be included, participants could not have had symptoms for more than 6 months. Weekly follow-up was carried out for the first 11 weeks, and then again at 15 weeks and 6 months. There was no significant difference seen in pain or range of motion; however, the corticosteroid groups did experience pain relief more quickly than did the placebo groups. 51 van der Windt et al randomized 109 patients into two groups to receive either 40 mg of intra-articular triamcinolone acetonide or physiotherapy twice per week for 6 weeks. They did not report the duration of symptoms or stage at time of diagnosis. At 7 weeks' follow-up, 77% of patients in the corticosteroid group were considered a success, compared with 46% of the physiotherapy group. This finding was statistically significant, and remained so at 52 weeks' follow-up. 52 In 2003, Carette et al conducted a randomized, placebocontrolled trial comparing four groups: 1) fluoroscopically guided intra-articular triamcinolone hexacetonide plus physiotherapy; 2) triamcinolone hexacetonide injection alone; 3) saline injection plus physiotherapy; and 4) saline injection alone. All patients also performed a simple home exercise program. There were 93 patients included in this study, all of whom had less than 1 year's duration of symptoms at the time of intervention. At 6 weeks and 3 months, shoulder disability had improved significantly more in the steroid-injection groups than in the groups that did not receive steroids. Range-of-motion measurements increased in all groups, with the steroid-plus-physiotherapy group improving significantly more than all the other groups at 6 weeks. By 1 year, however, there was no statistically significant difference in any of the outcomes between any of the groups. 53 In a level II randomized controlled trial, Roh et al compared outcomes of triamcinolone intra-articular injection plus a home stretching routine to that of a control group who performed home stretching alone. Forty-five patients were included in this study, all of which were diabetics. Although range of motion and pain were significantly improved in the injection group over the non-injection group in the very short term (3-6 weeks), there was no significant difference in either outcome between the groups at 6 months. 54 In 2013, Yoon et al published a triple-blind randomized placebo-controlled trial of 53 patients comparing intraarticular injections of high-dose triamcinolone acetonide plus lidocaine, low-dose triamcinolone plus lidocaine, and lidocaine alone. All patients in this study were clinically identified as being in stage 2, and after a single injection were expected to carry out a home exercise program. All three groups showed significant improvement of outcome measures with time alone. Improvement in shoulder-specific disability, pain, and range of motion improved significantly more in both corticosteroid groups than in the placebo group; however, there were no statistically significant differences in outcomes between the high-dose and low-dose groups. The authors concluded that low-dose corticosteroid injection should be encouraged as initial treatment so as to minimize potential local and systemic complications. 55 Despite the lack of long-term improvement to outcomes, the anti-inflammatory and pain-reducing properties of corticosteroid make injection of these substances a valuable addition to the treatment regimen of patients with earlystage adhesive capsulitis, allowing for improved activity, sleep, and overall quality of life in the more painful stages of this disease.
Hyaluronic acid
In vitro studies have shown hyaluronic acid has the propensity to modulate cell proliferation and expression of mRNA adhesion-related procollagens and cytokines, suggesting that it may prevent progression of adhesion formation in adhesive capsulitis. 56 In two high-level studies, hyaluronic acid has been evaluated as a potential alternative to corticosteroids. In 1998, Rovetta and Monteforte demonstrated that patients receiving a combination injection of hyaluronate and triamcinolone fared better functionally than those who had received corticosteroid alone. 57 Later, Calis et al compared pain, function, and range-ofmotion improvement following randomization to one of four groups: 1) injection with sodium hyaluronate; 2) injection with triamcinolone acetonide; 3) a combination of physical therapy modalities for 10 days; or 4) no treatment. All groups were advised to carry out home stretching and Codman exercises. The hyaluronic acid group performed similarly to those given corticosteroid injection in all categories except for external rotation values at 2 weeks. It is known that hyaluronic acid does not begin to take effect until approximately 2 weeks 
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Stupay and Neviaser following injection, however, and by 3 months, this rotational difference was no longer appreciable. 58 These results were repeated in a recent randomized, prospective study of 68 patients who received either hyaluronic acid or corticosteroid injection; no significant differences were seen between the groups save for internal rotation at 2 weeks, a difference that resolved by 3 months. 59 Similarly, a 2011 systematic review including four level I studies and three level IV studies concluded that clinical outcomes of hyaluronic acid injections are superior to controls and equivalent to intraarticular corticosteroid injections in the short term. 60 Interestingly, two randomized trials have found that injection with hyaluronic acid did not show significant benefit over patients receiving physical therapy alone. 58, 61 Hyaluronic acid injections, therefore, continue to produce mixed results.
Botulinum toxin
Botulinum toxin type A (BoNT-A) has been seen in a histological in vivo study to prevent joint fibrosis and adhesions, as well as to have inhibitory effects on pain-mediating neuropeptides and central sensitization. 62, 63 It has recently been considered as another possible alternative to injected corticosteroids for adhesive capsulitis.
In a prospective, controlled trial of 28 patients in the "painful freezing phase", both corticosteroid and BoNT-A groups saw improvement in shoulder range of motion and pain relief. Though Joo et al found no significant difference between the two groups in short-term pain relief, they did find a significant improvement in both active and passive abduction of the shoulder in those who received BoNT-A. The authors postulate that this difference may be attributable to more effective pain relief by BoNT-A in the early stages of adhesive capsulitis. 62 In summary, several studies indicate that intra-articular injections of corticosteroid that are delivered during the first or second stage of disease provide symptom relief in the short term that is not sustained at longer-term follow-up. 56, 57, [63] [64] [65] Both hyaluronic acid and BoNT-A injections may be safe, albeit more expensive, alternatives to corticosteroids that could find use in patients who are unable to tolerate the side effects of a corticosteroid, or as a second-line option in those whose disease does not respond to corticosteroids alone.
Physical therapy
Physical therapy is commonly prescribed for adhesive capsulitis regardless of the stage of disease; however, the literature has failed to produce conclusive results on these interventions. Blanchard et al performed a systematic review of six randomized controlled trials and concluded that, in the short term, corticosteroid injections have a greater effect than physical therapy on improving pain and disability, but this difference was not sustained over time. 66 To the contrary, a more recent systematic review by Jain and Sharma established a strong recommendation for the use of therapeutic exercises and mobilization in patients with stage 2 and 3 adhesive capsulitis to reduce pain, improve range of motion, and increase function. 67 Despite mixed results, most providers do not question the value of a well-designed physical therapy program in treatment, and multiple studies have documented treatment success in reducing pain or increasing mobility. 58, 68 Griggs et al prospectively followed 75 patients with stage 2 adhesive capsulitis who underwent a four-direction shoulder-stretching exercise program. Stretching in this program was not designed to push the patients beyond minimal discomfort. These patients were followed up for a mean duration of 22 months, and 90% of the patients reported a satisfactory outcome. 69 In a prospective study of 77 patients, Diercks and Stevens compared intensive physical therapy consisting of passive stretching and manual mobilization with "supervised neglect", which included pendulum and active exercises in the pain-free range. All the patients had had symptoms for greater than 3 months. At 24 months' follow-up, 89% of the patients in the supervised neglect group had normal or nearnormal painless shoulder function, as compared with only 63% of the patients in the intensive physical therapy group. Although supervised neglect is a somewhat misleading term to describe the interventions, this study suggests that painfree exercises are better than exercises that stretch beyond the pain threshold, and that pushing strenuous exercise may actually worsen the long-term prognosis. 70 This finding was not supported in a randomized controlled trial comparing the effects of high-grade versus low-grade mobilization techniques on shoulder-specific disability and range of motion. One hundred patients with a mean of 8 months of symptoms underwent 12 weeks of physical therapy. High-grade mobilization included intensive passive stretching at end-range of motion, whereas low-grade techniques focused on passive motion within the pain-free zone. The authors concluded that, although high-grade mobilization was superior in improving joint mobility and functional ability, at 1-year follow-up there was very minimal overall difference between these two treatment strategies. 
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Management of adhesive capsulitis
In a blinded randomized controlled trial by Russell et al, 75 patients underwent either 1) group exercise therapy plus home exercises; 2) individualized physiotherapy plus home exercises; or 3) home exercises alone for 6 weeks. The mean duration of symptoms at presentation was 5.79 months. All three groups showed significant improvement in pain and function at 6 weeks, 6 months, and 1 year, but the group exercise therapy produced a faster functional recovery than in either of the other two groups. At 1 year, group exercise therapy showed significant improvement in Constant and Oxford shoulder scores over both individual physiotherapy and home exercises. The authors postulated that the shorter recovery times and better patient-reported outcomes in the group class may be attributable to peer support and motivation. 27 However successful physical therapy has been in curbing short-term morbidity, there has been no high-level evidence to suggest that it has any effect on overall disease prognosis. 72 Still, the existing literature suggests that stretching and active motion that does not cause significant pain to the patient is adequate to improve pain, range of motion, and function in the short term.
Suprascapular nerve blocks
The suprascapular nerve arises from the brachial plexus and provides motor innervation to the supraspinatus and infraspinatus muscles and sensory innervation to the glenohumeral and acromioclavicular joints. A practice initially conducted by anesthesiologists, suprascapular nerve blocks have shown some positive results in a small number of studies for use in treating adhesive capsulitis. The mechanism by which this works is unclear, but, theoretically, disrupting the pain feedback loop in the shoulder joint allows for recalibration of pathological and neurological processes that ultimately reduces pain. Reduced pain, in turn, allows for improved function. 73 In 1999, Jones and Chattopadhyay conducted a randomized trial of 30 patients to assess the efficacy of a single suprascapular nerve block with triamcinolone and bupivacaine as compared to a series of up to three intra-articular injections of triamcinolone and lidocaine. All patients recruited to participate were in stage 2 or 3 of adhesive capsulitis and all were advised on a home exercise program to participate in following the injections. Both treatment groups showed marked improvement in pain and range of motion, but the suprascapular nerve block group demonstrated more rapid pain relief and a significantly greater reduction in pain and improvement in range of motion at 3 months. 73 In 2000, Dahan et al conducted a double-blind randomized placebo-controlled trial comparing two groups of 17 patients after receiving suprascapular nerve blocks with bupivacaine versus injections with normal saline placebo. All 34 subjects underwent three injections each at 7-day intervals. The mean duration of pain prior to randomization was 1 year. At 2 weeks after the last injection, 62% of the patients in the bupivacaine group experienced a significant improvement in pain as compared with 13% in the placebo group. Shoulder function was improved in both groups, and there was no improvement in range of motion seen in either group. 74 Although these studies are somewhat promising, larger comparative studies with more thorough follow-up are needed. This technique could be particularly useful in allowing for proper rehabilitation in the early postoperative period.
Hydrodilation
Hydrodilation, or capsular distention, is the injection of large amounts of fluid into the joint with the intent of increasing capsular volume and pressure, subsequently causing capsule rupture. This is a fairly simple procedure that does not require general anesthesia and can be performed by either anterior or posterolateral approach. 75 As such, it is a viable alternative to operative intervention for adhesive capsulitis. [76] [77] [78] Ahn et al compared ultrasound-guided capsular distension with ketorolac to corticosteroid injection in 121 patients and found that both modalities provided equivalent pain relief and functional improvement in the short term; however, the capsular distension group showed superior improvements in range of motion at 3 and 6 months' follow-up. 79 Quraishi et al conducted a randomized controlled trial of 38 shoulders comparing hydrodilation with MUA. Those who underwent MUA also received an intra-articular injection of triamcinolone. The mean duration of symptoms at the time of treatment was 33.7 weeks, and the patients were followed up at 2 and 6 months after hydrodilation. The Constant scores and pain scores improved significantly more in the hydrodilation group than in the MUA group. No differences were noted in range of motion. 80 A recent prospective randomized controlled trial evaluated the effectiveness of hydrodilation in combination with either intensive mobilization therapy, corticosteroid injection, or both in patients with stage 1 or 2 adhesive capsulitis. Perhaps unsurprisingly, after 4 weeks of treatment, the group that combined all three modalities experienced greater improvement in pain, active range of motion, and shoul- 
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Stupay and Neviaser der function than the groups receiving fewer therapeutic approaches. The authors hypothesized that the combination addressed inflammation with the corticosteroid, extended the joint space with capsular distension, and recovered range of motion with intensive mobilization. 81 To date, there is no consensus regarding the necessity of capsular rupture for the success of this procedure. Recently, studies have looked at whether preservation of capsular integrity leads to better outcomes. Kim et al used pressurevolume curves to monitor for capsular rupture during distension procedures in 46 patients, and found that the patients in whom the capsule was preserved saw enhanced short-term outcomes, though long-term outcomes between the groups were not different. 82 There are relatively few studies published on the outcomes and effectiveness of hydrodilation. 83 A Cochrane Review from 2008 was unable to draw definitive conclusions about the utility of the procedure, but there is some evidence that it provides short-term and long-term benefits in pain, range of motion, and function in adhesive capsulitis. 84 
Operative treatment Closed MUA
Closed MUA is a technique that has proved effective in treating primary adhesive capsulitis at both short-and long-term follow-up, regardless of symptom duration. 85 Recent evidence has indicated that the optimal timing for manipulation may be between 6 and 9 months following symptom onset. 86 Despite good short-and long-term outcomes, it is important to note that the complication profile of MUA risks significant damage to the glenohumeral joint and surrounding structures. [87] [88] [89] [90] [91] Contraindications to this procedure include significant osteopenia, recent surgical repair of soft tissues about the shoulder, or presence of fracture or neurologic injury.
Dodenhoff et al prospectively assessed 39 shoulders treated with MUA. The mean time from symptom onset to MUA was 8 months, and all of the patients included had stage 2 disease with lessening pain. Mean Constant scores as well as range of motion both showed significant improvement at 6 months and 12 months following manipulation. At final follow-up, 94% of patients reported satisfaction with the procedure. 92 Despite apparently high patient satisfaction, a randomized and controlled trial of 125 patients in 2007 concluded that, although there were slight, insignificant advantages in range-of-motion gain in the manipulation group, no additional pain or functional benefit was gained by adding MUA to a home physical therapy program. 93 Farrell et al evaluated the long-term results of MUA in 26 patients for whom nonoperative management failed to restore motion. These patients had undergone physical therapy for a mean of 6.2 months prior to undergoing MUA. The authors were able to collect long-term data on 19 of the 26 shoulders at a mean of 15 years from the time of intervention. Eighteen of the 19 shoulders never required surgery, and 16 shoulders were reported to cause slight or no pain at final follow-up. 90 Vastamäki and Vastamäki reported similarly positive results at a mean of 23 years' follow-up. 91 For patients who experience range-of-motion restriction that is refractory to physical therapy and other nonoperative treatment modalities, MUA can be a safe and effective procedure that provides lasting pain relief. Complications are a legitimate concern with this procedure, but can be minimized if contraindications are respected and if it is performed using the proper technique.
94,95
Arthroscopic capsular release
Arthroscopy has in recent years become the preferred method of treatment for adhesive capsulitis that has not responded to nonoperative treatment. It not only allows for confirmation of the diagnosis and release of the capsule without the risks inherent to manipulation, but also provides an opportunity for the surgeon to evaluate and potentially treat concomitant glenohumeral or subacromial disease.
Arthroscopic intervention can be adjunctive to MUA, either to confirm diagnosis and document manipulation success, or to perform post-manipulation debridement of the capsule. Some authors advocate for these combined methods over closed MUA or arthroscopic release alone. 96, 97 De Carli et al randomized 46 patients in stage 2 adhesive capsulitis refractory to NSAIDs and physical therapy to receive either manipulation followed by arthroscopic capsular release or intra-articular injection of methylprednisolone. All the patients in both groups showed significant and satisfactory results at 1 year postintervention; however, the combined manipulation-arthroscopy group started gaining significant range of motion 6 weeks earlier than those in the intra-articularinjection group. 97 Pollock et al reported similar results in their study of 30 shoulders that underwent arthroscopic debridement of the rotator interval following MUA. Eighty-three percent of the shoulders yielded satisfactory results in this series. 98 Arthroscopy may also be used to facilitate the precise release of all or part of the capsule in lieu of manipulation. Releasing the capsule arthroscopically has been shown in multiple studies to improve shoulder range of motion and function and decrease the time to full recovery. [99] [100] [101] [102] [103] Harris et al conducted a prospective cohort study on 40 patients who underwent either manipulation preceded and followed by arthroscopic exam or arthroscopic capsular release alone. Both groups performed similarly on range of motion at long-term follow-up; however, the arthroscopic division group had significantly better pain relief and significantly fewer functional deficits as compared to the manipulation group. 104 In a 2014 prospective study on arthroscopic release, Mehta et al compared outcomes between patients who had diabetes mellitus and those who did not. All patients recruited were in stage 2, and had undergone a trial of nonoperative management prior to arthroscopic release. Both groups improved significantly with regards to Constant scores, range of motion, and pain at 2-year follow-up. Nondiabetic patients had significantly better Constant scores at 6 weeks and 6 months postoperatively than diabetic patients, a difference that was not appreciated at 2 years. This suggests that diabetic patients undergoing arthroscopic release take a longer time to restore function, but in the long-term perform similarly to nondiabetic patients. 105 This finding is consistent with previous literature on the treatment of diabetic patients. 104 There has also been the question as to which aspects of the capsule should be released. Some advocate for circumferential release, whereas others endorse a more selective process that only releases the posterior capsule if anterior and inferior release fails to produce satisfactory results. 106, 107 Chen et al conducted a level I therapeutic randomized controlled trial of 74 patients undergoing arthroscopic capsular release which found no significant difference at 6 months in Constant scores, pain, or range of motion between patients who had release of the anterior capsule only versus those who underwent anterior, inferior, and posterior release. 108 Despite lack of consensus in this aspect, this procedure consistently shows sustained improvement in pain, function, and range of motion at long-term follow-up. 109, 110 A 2013 article by Dattani et al sought to evaluate the functional and health-related quality-of-life outcomes following circumferential arthroscopic capsular release. One hundred patients were included in this study, all of whom had failed nonoperative treatment and were identified to be in the "stiffness-predominant" phase. All patients participated in weekly physical therapy for 4 months following release. Range of motion and shoulder function improved significantly by 6 months. The authors were able to calculate the mean quality-adjusted life year for arthroscopic capsular release, which allowed them to assess the relative value of this procedure from an economic perspective. They concluded that arthroscopic capsular release was a very cost-effective intervention for the treatment of adhesive capsulitis; however, they were careful to note that the cost of MUA is in fact lower. 111 There are few high-level trials comparing MUA to arthroscopic capsular release for operative treatment of adhesive capsulitis, and the data available demonstrate little benefit for arthroscopic capsular release over or in addition to MUA. 112 Despite this, arthroscopic release is currently the preferred method for treatment as patients seem to have equivalent if not better pain and range-of-motion improvements in short-and long-term periods with a lower risk of complications. 27, 29, 110 Open capsular release All of these patients did not improve with nonoperative management and failed release with manipulation. 113 Ozaki et al achieved excellent results in 17 patients undergoing surgical release of the contracted coracohumeral ligament. 26 Both groups highlighted the importance of reserving this technique for patients whose adhesive capsulitis was severe and refractory to all other treatment, and urged caution in patients with insulin-dependent diabetes mellitus.
Conclusion
Adhesive capsulitis can be a prolonged and disabling condition characterized by inflammation and fibrosis of the shoulder joint capsule leading to pain and restricted shoulder motion. Early diagnosis of this condition is challenging due to its nonspecific presentation. Paying close attention to the duration and onset of symptoms as well as limitation of motion, particularly external rotation and abduction, may help to differentiate early adhesive capsulitis from other painful and stiff conditions of the shoulder. Managing adhesive capsulitis requires that the provider identify the approximate stage of disease at presentation, and use this information to guide treatment. Generally, patients presenting in the early, pain-predominant stages should undergo gentle physical therapy that focuses on motion that is not overly painful. Physical therapy may be complemented with oral NSAIDs and intra-articular injections of corticosteroid, both of which have been shown to provide 
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Stupay and Neviaser relief of pain early and therefore should be used whenever possible to reduce morbidity in the short term, but have not been shown to improve symptom duration or prognosis. Patients who do not improve with nonoperative measures and those who present in the stiffness-predominant stages may be candidates for more invasive procedures such as capsular distension, MUA, or arthroscopic capsular release. Arthroscopic capsular release is considered the preferred method, as it allows for confirmation of diagnosis and precise capsular release, as well as treatment of any coexisting shoulder conditions.
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